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I. INTRODUCTION

This report documents the form-functions developed for the interior
ballistics computer code Interior Ballistics of High-Velocity Guns
(IBHVG), a FORTRAN program used in the Interior Bullistics DivIsion of
the Ballistic Research Laboratory. IBHVG, based on the Baer-Frankle
codel, will itself be the subject of a forthcoming report.

A "form-function" is any computational scheme for detersining
either surface area, volume, or fraction burned for a burning propellant
grain at any instant from ignition to extinctiom based on initial dimen-
sions and depth burned. BEither surface area or fraction burned is
generally required in interior ballistic calculations., The IBHVG code
does not use surface araa so the form-functions described below omit
area derivation., Also, the traditional assumptions are made that all
grain surfaces erode at the same rate and all the perforations are of
equal diameter,

A variety ofﬁagproaches to a number of grain geometries have been
taken in the past?,5, Stals, for example, not only doals with detailed
analyses of different grain types, but contains a wealth of background
information, history of attacks to the problem, ard an extensive biblio-
graphy. While this report does not attempt to supplant previous efforts,
it presents some novel treatments which may prove applicable to codes
other than IBHVG, For example, the analyses of the seven- and nineteen-
perforated cases are based on a method of dealing with general cylindri-
cal grains4. This method enables handling grains with unequel webs,

The FORTRAN coding embodying the methods of calculations will be
discussed in parallel with the development of all algorithms for case of

Ip, ¢. Baer, and J. M. Frankle, "The Simulation of Interior Ballilatic
Performance of Guns by Digital Computer Program," US4 Ballietis Research
Laboratories Report 1183, USA Ballistie Research Laboratories, APG, MD,
December 18562,

2J. Comer, "Theory of the Interior Ballietios of Guns,' John Wiley 4

Song, New York, 1060, pp. 30=36.

3. Stale, "Form-Funotione for Multicomponent Propellant Charges
Including Inhibited Graine and Sliver Bum," Materials Research Labor-

atories leohnical Note 371, Materiale Research Laboratories, Maribymong,

Viotoria, Auetralia, Septembar 1975,

4. R Lynn, "Development of General Form-Funoticne for Multiperfor.

ated Cylindriocal Propellant Grains,! Ballistio Researoh Laboratory
Memorandum Report ARBRLMR03014, Ballietic Reeearch Laboratory, USA
ARRADCOM, APG, MD, Maroh 1980,
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understanding. Also, FORTRAN computational hierarchy is followed through-

out the text, A comprehensive listing of the referenced subroutines
will be found in APPENDIX A.

I1, SUBROUTINE ORGANIZATION

The result of the form-function calculations in IBHVG is the
fractions burned, at any instant, for the M propellants comprising the
charge, where 1 < M < 5, At each time step, a call is made to a single
subroutine, FORMT', which either performs the required operutions or, in
the case of seven- or nineteen-perforated grains, calls auxiliary
routines GENIS and GENOS. APPENDIX A contains listings for these three
subroutines, ' S W ST

APPENDIX B notes all important input, output, ana céntrol variables
used, Most are passed through COMMON, although a few are local,' No
other COMMON variables pertain to FORMT operation,

Subroutine FORMT is called whenever the calling program requires
the fractions burned, the Z array, of the M propellants being burned. A

‘glance at the listing reveals that FORMI' is essentially one large loop,

processing each of the M propellants in turn. All computations for the
Jth propeliant are bypassed if either it is entirely consumed, that is,

I > 1
or if logic elsewhere in IBHVG dictates that the condition flag
ICPLAG(J) = 0

which signifies that the ignition criterion for the Jth propellant has
not been met. However, if the propellunt has ignited but is not yet
completely burned, execution continues. The depth burned for propellant
J i3 extracted from the Y array, having been calculated elsevhexres prior
to entrance to FORMT, and twice this value is stored in U, Next, N(J),
the grain code for propelluant J in Table 1 is examined, and & branch
taken to the appropriate area of FORMI, There, the fraction burned,
Z2(J), is determined based on U, initial groin dimensions, and various
control variables, followed by & jump to the bottom of the loop. After
all M propellants have been processed, a return is made from FORMT to
the calling routine,

As Table 1 notes, there are ten different grain types dealt with r
by IBHVG. The remainder of the report will be oncerned with consider-
ing the types in turn, devising a method of £i+ iing Z for them at any
instant, and developing the FORMT coding based on these calculutions.

IIX. GRAIN TYPE 1: SHVEN-PERFORATED CYLINDBR

An end view of this druin appears in Figure 1. It is a cylinder
pierced longitudinally by seven cylindrical holes arranged at the center




seven-Perforated Grain -- End View

Figure 1,
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“time step, COMMON variable I is set to 0, On succeeding passes, I will

TABSLE 1L, IBHVG GRAIN GEOMBTRIES AND CODES

GRAIN CODE . GEOMETRY

7-perforated cylinder
l-perforated cylinder
cord

rectangular strip
sphere

slotted tube
37-perforated hexagonal
19.perforated hexagonal
19-perforated cylinder
7-pexforated hexagonal

GO IRNUT N

[

and vertices of a regular hexagon. Initially, suppose tho'zrain'to have
length GL(J), diameter D(J), perforation diasmeter PD(J), inner web

WI(J), and outer wed WO(J).
On the first cali. to FORMI, i.e., at the beginning of the first

be greater than zero, thereby forcing a branch to line 50, bypassing the
initialization section which is described next.

First, the middle web, WM(J) is zeroed as it is not used by this
grain type. Then the diameter is recomputed to absorb any inconsistencles

in grain dimensions. Figure 1 makes the calculation
D(J) = 3 + PD(J) + 2 - (WI(J) + WO(J)), (1)

clear. Next, the initial grain volume is determined and stored in
VO(J). The end area, B, of the grain is given by

Ewn/d D)% -7 n/4 . PD)?, (2)

so the initial volume 1is

VO(J) = GL(J) * B
. 250w GLE) (W2 -7 P, (3

Note that we assume n is passed through COMMON Variabie PI.
The method developed in Reference 4 is employod and, in what follows,

its notation and nomenclature are used freely, For purposes of calcu-
lating the end.area of the grain, it is partitioned into one class of E
b,

10
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outer slivers congruent to ABDC and one class of inner slivers congruent
to OAB.

Array IFLAG is the branch-flag array and two positions are ini-
tialized to -1 for this, the Jth propellant.

Array SF is the "side" array. Letting
WN = WI(J) + PD(J) (4)
represent the distance between centers of adjacent perforations, all
three sides of each sliver in both classes are set to length WW.
The last calculation in the initialization section is the deter-

mination of the grain's web, the shortest distance through the grain to
be broached as the grain burns. This is given by

WEBC(J) = min (WO(J), WI(J), GL(J)), (5)

the length being included to account for very short grains,
The post-initialization coding starts at line 50, The reduced

grain length, reduced grain diameter, and increased perforation diameter
are

GRL = max (GL(J) - U, 0)
oD = D-U (6)
PRFD = PD+U,

respectively, the maximum being taken to guarantee a non~negative grain
length, If

0 < U < WEBC(J),

the web is not broached and we determine end-area of the grain, B, by
the same method as in the initialization section, so

E =/ 0D -7+ n/4 - PRED?

)
yielding

2(3) = 1 - GRL + B/VO(J). ' (8)




However, if
WEBC(J) < U,

we branch to line 60 and employ routines GENIS and GENOS as described in
Reference 4 with one minor modification. Since IBHVG does not use grain
surface area, the argument to return that quantity is not present in the
call and the coding in GENIS and GENOS which yields sliver surface area
is commented out as can be seen from APPENDIX A, The AW array is the
work array and sliver volumes for the inner and outer slivers of the Jth
propellant are returned through the apprupriate cells in array GV.

Total sliver volume of a given class is six times the volume of each
sliver, yielding

2(J) =1 -6 « (GV(1,J) + GV(2,J))/VO0(]). (9)
A branch is then made to the bottom of the loop.

IV. GRAIN-TYPB 2; SINGLE-PERFORATED CYLINDER
Initially, this grain is a cylinder of length GL(J) and diameter
D(J) pierced by a cylindrical hole of diameter PD(J), the centers of the
two cylinders coinciding., Let the web be WI(J),
As with the case of the seven-perforated cylinder, an initialization

section is processed if I = 0, The middle web, WM(J), and outer web,
WO(J), are zeroed as they are unused and the diametexr recalculated as

D(J) = PD(J) + 2 - WI(J), (10)
to absorb any error in grain dimensions., Then
WBBC(J) = min (WI(J), GL(J)) (11)

is twice the depth burned at grain extinction. Letting B represent the
initial end area of the grain, we have

B = /4« D2 - 1/4 + PDW)2, (12)

and the initial volume is




VO(J) = GL(J) - B
= n/4 . GL(I) * (D)2 - PDD)D. (13)

The factor w/4 is not present in the coding as it will cancel in the
calculation of Z(J).

The post-initialization coding starts at line 190. The end-ares,
B, of the grain burned to a depth of 1/2 U must be determined, First,
it is cleared by .

E=0.

1f
0 < U < WEBC(J),

then we override this value of zero for E. The reduced grain length,
reduced grain diameter, and increased perforation diameter are

GL(J)-U
D(J)-U
PD(J)+U,

) . respectively, so, as above,

' E=n/4. (D) - 02 - n/a - (PDQ) + V)2
{i - w4 (0@ - 02 - @ ) + W, (14)

and fraction burned is

' Z(J) =1 - B+ (GLQ) -~ U)/VO(I). (15)

. Note that the factor m/4 in the calculation of B is absent in the coding
as it would cancel in the Z(J) calculation,

V. GRAIN TYPE 3: CORD 3

Initially, this grain is a solid cylinder with length GL(J) and
diameter D(J).
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If COMMON variable I=0, indicating the first call to FORMT, an
initialization section is processed. The perforation diameter and
inner, middle, and outer webs are zeroed for this, the Jth propellant,
as these quantities are unused. The initial volume

VO(J) = GL(J) + 7/4 - D(I)’ (16)
is that of a right circular cylinder., In the coding, the n/4 is omitted

because it will cancel in the calculation of Z(J).

Post-initialization code starts at line 220, The reduced grain
dimensions

" GL(J)-N : {
D(J)-U 3

are vsed to produce the fraction burned
203) = 1 - max(GL(J)-U,0) - max(D(J)-U,0)2/vo(J) an

where tha n/4 factor is absent, having cancelled with a like factor in
Vo(J). :
VI, GRAIN TYPE 4: RECTANGULAR STRIP

Initially, this grain is a solid rectangular parallelopiped with
length GL(J) width D(J), and depth WI(J).

As above, variable I = 0 signals processing of an initialization

section. First, all grain dimensions not used are zeroed and the initial
grain volume

VO(J) = GL(JJ) - D(J) *« WI(I), (18)

is determined.

The post-initialization code starts at line 440, The reduced grain
dimensions, namely,

GL(J)-U
D(J)-U | . 4
WI(J)-U, 1
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are multiplied together to produce the volume. And thus the fraction
burned is

2(J) =1 - max(GL(J)-U) * max(D(J)-U) - max(WI(J)-U)/VO(J) (19)

where the maxima are taken with 0 to guarantee a non-negative grain
volume,
VII. GRAIN TYPE 5: SPHERE
Initially, this grain is a solid sphere of diameter D(J).

On the initialization pass, signaled by I = 0, all grain dimensions
except grain diameter are zeroed because they are unused.

The reduced grain diameter is
D(J) "U'
Thus fraction burned is

2(J) = 1 - 1/6 + v + max(D(J) - U,005/C1/6 + = « DN (20
= 1 - (max(D(J) - U,0)/D(3))3,

where the maximum is taken to guarantee a non-negative reduced grain
diameter,

VIII. GRAIN TYPB 6: SLOTTED TUBE

An end view of this grain appears in Figure 2, It is an ordinary
single-perforated grain with a slot, the sides of which are pscallel.
Initially, suppose the grain to have length GL(J), diameter D(J), web
WI(J), perforation diameter PD(J), and slot width WM(J).

As with the other grain types, an initialization section is processed

if COMMON variable I = 0., First, the unused dimension WO{J) zeroed.
Let

PRED = .5 - WM(J), (21)

be half the slot width,

it : .
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S0 = .5 * D(J), - o ‘,. (zii‘lyl
be the grain radius, and
SI = .5+ PD(J), ' (28)
be the perforation radius. In right triangles QBD and OAéswo ﬁavo.
0w /2~ acbsfPRFD}SOJ‘

e
a = n/2 -~ acos(PRFD/SI),

respectively. As before, the code assumes PI contains x. Denote by E
the end-area of the grain; then

E » area reflex sector BOF

-« area reflex sector AOE

- 2 * area triangle AOB

2 2

=1/2 ¢« (2v - 208) * SO” - 1/2 *+ (2r - 2a) * SI

-2+ 1/2 PRED + (SO + cos(8) - SI - cos(a))
w(n-8) « S0% - (n-a) - SI

- PRFD *+ (SO . cos(@) - SI - cos(a)). (28)

Thus initial volume is

VO(J) = GL(J) - B, ' ' (26)
Finally,
WEBC(J) = min(GL(J), WI(J)), ' o 27

is twice the depth burned at grain extinction.

17
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The post-initialization section of coding starts at line 510. The
end-area of the grain, B, is cleared by

E =0,
If
WBBC(J) < U,

then the grain is extinguished and a branch is taken to line 520,
producing a fraction burned of 1, Otherwise, leot '

PRED = .5 + (WM(J) + U), (28)

be half the new slot width,

SO= .5+ (D(J) - V), (29)
be reduced grain radius,

SI = .5 « (PD(J) + U) (30)
be perforation radius, and

GRL » GL(J) - U, _ e - (s1)

be reduced grain length, Then 6, o, and B are calculated as done in the
initialization section and fraction burned is

Z(J) =1 - B + GRL/VO(J). (32)

IX. GRAIN TYPES 7, 8, AND 10: ROUNDED-~HEXAGONAL

Figure 3 depicts one-sixth of a rounded-hexaginal grain with
nineteen perforations. let grain length be GL(J), sll inner webs be
WI(J), the outer web WO(J), and perforation diameter PD(J). Note that
the rounded ''corners' are bounded by inside and outside circular arcs of
radii 1/2 * PD(J) and WO(J) + 1/2 * PD(J), respectively, as shown in
sector CDE.
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Figure 3. One-Sixth of Hex Grain == End View
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The 7-, 19- and 37-perforated hexagonal grains are but special 'fﬁ

members of a family., By induction on K the number of hexagonal rings
of perforations, we have

NP = number of perforations = 3Kz
S « number of inmner siivers = 6K
SO = number of outer slivers = 6K

nunbor of corner slivers = 12,

9* 3K + 1 (33)

. f
!

for K > 0.- The inner slivers are all congruent to the area within AlC.

the quter slivers to the area within BCEF, and the corners to CDE. :
Routine FORMT currently handles cases K = 1, 2, and 3 yielding, rotpectivoly, N
NP » 7,19, and 37, SI =« 6, 24, and 54, and SO = 6, 12, and 18, s

Entry for hex grains ic made at statements 240, 250, or 600" in B
FORMT where SO and SI are set to the appropriate values and a branch -3
taken to line 260, Here WW is the distance between centers of adjacent W
perforations and WN2 is its square, PRFD is the increased perforation

.diameter and PRFD2 its square, GRL is the reduced grain length, and WOD

is the outer web, The end area of the grain, B, is initially cleared to
zero,

Figure 4 shows an-inner sliver during burning. By definition of
cosines,

@ = 2 + acos(min(l, CE?E?)) (34)
= 2 * acos(min(1l, WN/PRFD)),

where the minimum is taken with 1 in case 0 is degenerate., Figure 5
shows an outer sliver burning. By definition of cosines,

o = acos(min(l,EC/CM)) (35)
= acos(min(l,(PD(J) + 2 * WOD-U)/PRFD)),
wvhere the minimum is taken with 1 in case o is degenerate. These angles |
are sufficient to calculate E. *
Consider the twelve corners. If

WoD < U,

they are completely consumed and their contribution to E is zero.

20




Figure 4.

Hex Grain -
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; Othexwise, by subtracting the area of concentric circular sectors, lnd
5 recalling that » is in PI,

| E=12+ (1/2* /6« (1/2 - PD(J) + WOD - 1/2 - W2 °  (36)

vt

- 1/2 + %/6 + (PRFD/2)2
= .25+ ¢+ ((PD(J) + 2 - WOD - U)2 - PRFD?).
: Consider now the inner slivers., A DATA statement provides vulhos

; of square root of 3 in RT and 't/3 in PI3, varisbles required for the
: remainder of this analysis. If ¥

i

n/3 <0,

then all inner slivers are consumed so a branch is taken to line 270.
Otherwise, the area contribution of the 5I inner slivers must be added
to B. Hence, referring to Figure 4,

E =B+ SI « (area inner sliver) ' (37)

= E ¢+ SI * (area traingle ABC - 3 * area triangle JBC

3 . area sector JCK)

; =B+ SI* (1/2 - W« (1/2 WW y3)
5+ 1/2 + WW+ (1/2 + PRED + sin (6/2))

3.1/2 « (n/3 - 08) * (PRED/2)?).
Then, by substitution in the 1line with sin (6/2) using
WW « PRRD * c¢o0s(6/2), (38)

and recalling the half-angle formula for sin,

BeB+SI- .25 (W2 «\/5~ 1.5 « PRED® + (sin(0) + #/3 - 0)). (39)
Lastly, consider the outer slivers. When

a+ 8/2 >n/2,
23
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or, equivalently

a?> 1/2 ("'e)o

i

then the outer slivers are extinguished and a branch is taken to 1ine
280. Othexwise, the area contribution of the SO o “ar slivers must be
added to E. Hence,

E =B + 80 + (area outer sliver) . (40)

« B+ 50 + (area roctangie BCEF - ares triangle BCP ‘
- 2 « area triangle MEC - 2 * area sector MCP)
B+ SO+ (NW. (PD(J) + 2 + WOD-U)/2
-1/2 « WN .+ (1/2 - PRFD . sin (6/2))
-2+1/2+ (PD(J) + 2 + WOD-U)/2 + (1/2 + PRRD - sin(a))’
-2+ 1/2. (/2 - a -98/2) + (PRE/D)D)
= B+ SO+ ,125 « (2 ¢« (2 - WOD + PD(J)=U) + {2 * WW ~ PRFD *+ sin(a))
- PRED? ¢ (3in(0) + v =~ 2 * a - 8)).
This concludes the calculation of E. If variable I » 0, then the
initialization section 1is bypassed and Z = 1 - E * GRL/VO(J). Otherwise,
the grain diameter D(J) is recalculated for printout purposes, As in
the case of the other grain types, the initisl grain volume must be
computed,

Initially, we have

Tor

PR?
and all slivers and corners are present. This implies

Ew.25+m (({PD(J) + 2 - WoD)2 - PD(ND) | 1)
+ 81+ .25« o 43 - 15 )2 . )
+50+ 125 (2 - (2 + WOD + PD(3)) - 2 * WN - PD(1)? - )

24




= m + WOD + (WOD + PD(J)) + .25 - SI - WW° + 3 -
= 125« n - (S0 + SI) + PD(I)2 + SO « WW + (WOD + 1/2 PD(J)),

and
VO(J) = GL(J) * B. | i (42)

Finally, a check must Bo made to see whether tho outer sliver:
remains within its original bounds, for if it does not, the above analysis

! is invalid, That is, the point P in Figure 5 must not reach the midpoint :
of BC before the perforation centered at C does. Equivalently, we must ;
have ‘ ;

EC > 1/2 T8 - 1/2 PD(J) (43)

li NOD + 1/2 PD(J) > 1/2 WI (J)
_ 2 WOD + PD(J) > WICJ),

and converiely. Othexwise, FORMT will stop with an error message,
X. GRAIN TYPE 9: NINETEEN-PERFORATED CYLINDER

Initially, this grain is a cylinder pierced by ninetezn uniform
cylindrical perforations., An end view is shown in Figure 6. Its length
-~ is GL(J), diameter D(J), and perforation diameter PD(J). It is charac-
terized by three webs: inner, WI(J); middle, WM(J); and outer, WO(J).
If COMMON variable I is greater than zero, the initialization
! section ix bypassed by a branch to line 320. Othexwise, the grain
| diameter 1s recalculated to absorb any inconsistencies as

D(J) = 5 « PD(J) + 2 + (WI(J) + WM(J) + WO(J)), (44)
and the grain volume is computed by

VOL) = GLED) + (n/4 * D? - 19 + w/4 « BDWDD) ¢45) - ..
w .25 e GLED) ¢ (D2 - 19 . PDIND). |
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Nineteen-Perforated Grain -- End View
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Figure 6.
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The remainder of the initialization section and the whole of the

i post-initialization coding is drawn directly from the worked example,

? Section IV, in Reference 4 with IFLAG, SF, AW, GV being the flag, side,
work, and volume arrays. The only novelties are the addition of an
additional subscript for the Jth propellant and the removal of the sur-
face area computation. The latter was discussed in the case of the

seven-perforated grain, above,
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v
i
13
"
1]
|
{;.

[

8 . cree
. C
0 : Cren

; ' Coee

“ Cose
N (4]

|
l
la

L! 20
i': 50
|

S 60

¢
P/ | Coee
fe 180
i
|

FORNT. 007 29=-APR=02

SUBRIUTINE FORMY

COMMIN/IONITEZICELAGL D)

COMMON/RUNBLK/XCI20), PRI2OISNISDGTYIS )LL),

SEUS), TOULADLALPUR),BET(3))0A18),COVES)RHOLB),
SOLUSIHDII),PO(B) NI ),HNLS ) NO(D)s081 02(2),

SXNIT I VO TUL DG DL, GLR, CYH DT WP NPR, M LVSPK, LCODE(S),
STHRESH(S) o TORHO(3 19 8RNP (S, 5) s BRIRIS,3) s AVENEDLS)
COMMON/ZXTRA/ZPTI2)2PBI 2} KLSToPRLSTHDENZIHIZ I RESH AOMY
SUoCT ) AP, PN, POR(Z) )OENI,HCLpAC L), BC(R),CCLB),DCLD))
SECUS)s ZUB POV FHLO PTPPIPRP P HPPLPERPPTPR VPP KPP APP)
SAPKZAPP L2PPoZAPPsLAPPLIPP) COEFFIDENDICTNIPLIVOLD),
SXRo MM, VLB), DY (8)

DIMENSLIIN WEBC(B) SFLDsas8)sANlbdsds3) s TIFLAGLANS)GV(4Y)
DATA RY/L.792050808/,P13/1.0471975851/

FIND FRACTIONS BURNED Z(J) FOR Julp2rneerM PROPELLANTS
00 1000 JelsM .

YPASS IF JTH PROPELLANT UNIGNITED IR EXTINGUISHED
TFUZLJVaGEL L1 vORVICFLAGLY)LER.0) GOTO 1000

SET U = 2 X DEPTH BURNED & BRANCH ON GRAIN TYPE
I RTITIY
SOTO 1205 1800 2105 430» 450, 300, 250, 240, 310,600 4N (J)

CODE Lt T=PERF GRAIN
IF(T.GT40) GOTO 50

Y419) 0,

DU 3 ehPOLY) 20 (NTLJ) 0N
VOLI) n 294D 1RGL LA HID (YD 02
1FLAG(L s d)u=]
L1FLAS (25 )]}

W= NI CJ)ePDLI)

00 30 Kel,}
SF(KpLpd)uil
SFU(Kpdsd)niW

CONTINUE
JEBC(I)=ANTINLINDOUI) W ItJ)HGLLY Y)Y

SRL=AMANR(GLLI)=Us04)

J0eDt )=y

PRED=PDL) ) 4U

IFLU.GTLNERCLI)) GUTD 60

Eoo23¢PLo (D0 42=7,+PRFD*42)

Tl e=QRLREIVULI)

6070 2000

CALL GENIS(SF(Llolod)rAN(LslsJ)sPRFOSGRLIIFLAGLL) I} G i)

CALL GENDSUSFL1,2,000 AN(L 250 )0PPFD GRLy o300, IFLAGLZ)JI)»0V(203))
LUIVeldo=6.0(BVILJ000VI2, 000/ V00D

cATO 1000

( ')
2=T.#PDLI)N12)

CADE 24 L~PERF GRAIN
IR(L.8Ye0) 6DY0 190
CAIRIRI N

YOtdiege

DUS)ePOl))e2oMi( )
NEACII)InARINLILGLE ) »WICY) )

30
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190

¢
Core
tio

129

tere
240

¢
Ches
2%

263

o

2

299

¢
Leed
(RY ]

I JCRR LIS PRLICINRALY SIS I RELS 3

s

l?(&oL!o!IlCiJ’i Ee (DL )=U) v a=(PDLI) U0
Liiimfo=EV(OLIS)=UI/VOCI

G0v0 1000

COOE 3 CURD GRAIN

IR{1,07.,0) QOT0 220

POl d) 0.

Wi(dieo,

40(J)e0,

LLITLI

VO(JhaBLL5100(I 0002

U el o= ANARLAGLEID=Up0e PO LAMANLIOLU ) =Us04 ) )04 2/YOLY)
5070 1000

CAVE 81 RIUND=HEX A9=-FPERF GRARN
SO,

Sin 4,

010 260

COOE Ti KOQUND-HEX 3IT=PERF GRAIN

10=13.

SIude,

NI (JIePO ()

LTI LL

PREDsPDIS) SV

PRFEOZuPREDES2

ARLSANARLLGLEI=Ur0,4)

400=40(J)

(110

THETAw R RACDS CANINLLWMN/PRED)L WD)

ALPHARACDS CANENL (L2, 4800 PD LI )=U)/PREDSLL D)
(FLULTa00) ko Z38PLo{(2,0WI04POCSI=U)eo2«PRFOT)
TF(PIETALGELPLD) QDTN 270

EoBol I, 250 UN2ORT=1oTPPREDZVLSINITHRTYR)GPLI~THETAY)
IR(ALPHALGE, 59 (PI~THEYA}) QOTO 269

EuEes e 129002, 0{2,6N00#PDLI)=UIS(R 4 WN=PREDESINIALPHA) ) =PRA D2
SUSINCTHETAY ePY=2, PALPHA=THETA))

I8(1.6T.0) GOTO 290

CLIFIRE ) A ]

TEINEIDEQ,10) DUJIudo®pDlI)aT NIl j)e2,400D
TR(NGSDeEQN) O(S)eB, vPOlJdlod twl(d)el o800
TRINCIDIEQ,T) DL NuT, op0LJdon tuT(J1e2,0400
VO(J)ekelLLY)

TF(2,000D4P0CJ) GELWI(dI) QOTO 290

CALL BARNSQLYHFORMUT® BAD HEX PRDP?)
TU)u).~ERGRL VUL )

1 1000

NE 91 19-PERF GRAMA

(.01, GOYO 320
Jic3.0pDL V0200 iNLLIDS

VO( e 20¢P10GLLY) "D

09 313 Kelrd

LELAGLK) d) =)

CI4TINYE
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L1200 nl1tdIePOLIY
lnanl'SFllnlvl .
BrlrddeSEldrlnd
u!oli!o!tSOl?!l.‘liNlJ)QPDCJ'l“l’('l(JDOFDCJDittli :
o!olil!!(lo!oi ' .
IXIXILILIRNY i -
nIoJ!OPD(J)O.SOCUl(J)00!(4))
e dInSE{Le0d)
s S d) sUNLINOPOL MY
AIYILI LIV TY))
t40)02,088(1980d)
SEldsded)nSFtLsdsdionY
'=:=S=g)-AHINI(UO(J';UNQJ)piliJ)1831iolpJ'-'D(J!p!F(lnan)-PO(J).
320 GRL=ARARLISLIII=UsO,)
00=0(J )=V
PRED=PDII) ¢V .
TECULOT.HERCLI) ) QOTD 3%0 i
Eoo25¢P1o(00¢R=19,4PREDIN) )
20Vl o=ORLORIVOLY)
eOTQ 1000
A 330 D00 240 Kel,).
CALL GENISUSFULoRsd))AVEL K d)pPRFDSCRLIIFLAGEKIJIoBVIR, )
X 340 CONTINUE
/ LL CINDSlSFQIJQ'J’olU(lpﬁtJlp"'bpﬂll;-!‘ﬂbll'tli!‘nJ’D.V!#DJ"
)-la;(b.‘(OV(loJIOOV(!;J))OIBo‘(GV(l»J’0OVI4-JD’IIVD(J'

1
L
]
1
3
3
1
8

¢
(41 1]
430 1s67.,0) GOTO 440
4} 0.

J) 0,

(EILI'N

A
t)
ore
g? 48 RECTANGULAR STRIP GRALN
ot
at
"

£ & ¥ 131 . T

; VO(J)a0LEd) 9DLIIOWILS)

3 460 20410 LamANANIAGLEID=U)00 ) FAMAXILD LI 1=Uy0, )&
L SANAKL CNTLd D =Up00 ) IVOL )

. ! Q07N 1000

¢

- Coos CODRE 31 SPHERICAL ORAIN
. 490 IF(1,07.0) GOTO 6D
9 8L(J)e0s
| P0(J)e0s
§ TN
| TLITIRLTS

¥4{3) 20,
\ 060 20110 Le=lANAXILD(2)=Us04)1/00I) 1043
P 8070 1000

Coon CION 61 SLOTYED=-TUSE SRAIN

%07 1LF(l.31.0) cOto 910 :
U')(Jho. A
PREDS ,S0YNLJ)
L IR TRT)

g - Stsenopntd)

g [46TAn 90PL-ACOS (PRFD

r ALPHAS,30PI=ACOS( PRFD

130)
130
VOUI) vBLCINeL(PL~THETAIOS

Q¢ 2=(PI-ALPHAI®S ] 042«




GPlﬂD‘!SOOGOIOtultAO-SIOCGIGAt'ﬂl)lt
VESCLI ) eARINLIOLEI)VELI2) . ‘
510 €9, . . _
1R (VST EBCAIN) €0T) "o
PRED= B¢ (WA (JI4V)
$0¢,9¢ (1 J)=V)
S1e.9¢(P01J 100N
ORLeBLLJ)=Y
THETAS,99P1-ACOS (PRFD /30! . .
. ALPHAS, 94P1-ACOS (PRFD/SI) N .
: GulPI=THETA)OS0S02=(P E=ALPAA) #3100 2=PRFDS (300
: $COJ (THETAI=SISCOS (ALPHAD) o
? $20 L(J)ed,=ROBRLIVOLY) . .
: A $0T0 1004 _
; ]
X Cooe  COOE 101 ROUND=HEX 7-PRRF GRAIN
{ 600 3056,
i Siage
3 . 010 269
g 1003 COATINUE ‘ ' : ,
3 WTURN
3 SND
\;:. ) .
\ i
A
i
g '
'i [
R
{;"" k
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t .
b .
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ERE
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— e = e e m e = w4

0EN13. 001 11=0UC=-78
80.!007!\! C!I!SCS»AO'IFD..!L.lPlAOuVﬂt’

]

¢

¢ SUBROUTING *3ENISe cttcutlil SURFACG AREA AND' Vﬂt"ﬂ.

¢ CENERAL INNER SLEVER OF A SURNING. Olllﬂ
g UI‘N llll!n » GRL € PERF O1AN o PRPO.

OINENSION S(3)sa(4)
OATA PIR/ lol?b?'ﬁl !

-
TFLTRLAS) 10,520,200

¢

¢ IVEVIAL PASSS IFLAG WAS SET NESATIVE 6Y CALLING lﬂUT!Ilo

¢ STORE ANGLES AL AZ,AD ANO ARBA OF TRIANGLY

g WITH SIDES 3010, SC2253(3) INTO AlddrescrAlN)

10 ALL) o ACOSC(SI2)00ReS(DI002-3(11000)/(2,035(R)0%(D)))

A(R) » ACOSLISILI00ReS(B)002-8 20000}/ (Rs*3(1)081D)))
AtR) & ACOSUISILIOORESIRINORSLDIN2)/(2,48(1003020))

¢

¢ AL4) » JI0S(LIOB(DIOSINCALRY)

E seoCHECK FOR ERROR CONDITION! FIND IF TRIANILE ACCEPTAOLE.we

d s

00 19 I » 1)
TECALLDaLTee89PR2) J 0 Jb)

19 CONTINUE

TF(4a0Tel) CALL ERRMSG(Y4QENLS® ERROR )
¢
C IF OKy SET FLAS TO ZERD YO SYPASS INITIALIZATION ASRUAFTER,
¢
IFLAR = ¢
¢

g SICCEEDING PASSES UNTIL BURNOUTE FIND AUXILIARY ANOLES
20 TAULY = ACOSLAMINLEL.»8(3)/PRED))
TAULD = ACOSCANINLIL,»S4T)/PRFDI}
TAURY o ACOSCAMINLLL,»S(1)/PRFD))
vooAND BRANCH IF SLIVER FALILS SURNOUT CRITERIA.
TECTAUL2PTAULIDOTAUZILTLPLR o ANDs QRLLOT40.) GOTO 23
SLIVERQ JUST GURNED DUTHa SEY FLAG TD BYPASS AREA & VOLUNE CALCULATIUNS

LELAS o 1§
sOv0 30

¢
g SLIVER NOT BURNED OUTI DETERNINE END AKEA» VOLUNE, AND SURFPACR AREA

5 B w AUA)=oRI*PREDSISILICYINCTAURIISSCEIOSINC(TAULY)
SOSUB)SINITAULENOPREDH(PI2=~TAULL=-TAULD~TAURD))

VoL » EeQRL
¢ SURE « 2o0ReQRLAPREDO (P I2-TAULR-TAULI=TAURD)

¢
¢
]
¢
<
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sscAND RETURN,

RETURN ' ' R
SLIVER IS BURNED OUTI RETURN WITH ZERD VOLUNE AND SURRACE AREA.
30 VOL « O,

SURE « O,

RETURN

"o

€ £ OS90 O0n0
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o S —————

SEi03, 002 09=JUN -89
SUSROUTENE GENOS(S» As PREDGRLHRADSIFLAS, VOL)

SUSROYTINE ¢GENOS®Y CALCULATI SURFACE AKEA AND VOLUNE FOR &
GENERAL OUTER SLEVER OF A QURNING ORAIN

UI!N LENGTH = QRL» RADIUS » RADs AND
PERFE OIAR » PRFD,

DIMNENSION 3L3)pALAY
TRCIFLAS) 10+20,30
TNITIAL PASSY TFLAG WAS SET NRGATIVE 4V CALLING ROUTINE.
STORE ANGLES AlsAZ)AD AND AREA OF TRIANELE
VITH STIORS S(10a5C21,8(0) INTO AlLl)rasesAld)
10 Al{l) » ACOS!!S(!D“!OS(ll“!-l(l"‘l)lClo‘S(l”S(l”D
AZ) o ACOSUUSCLINAZOSUBION 2= (R1002)/L2,08(1043¢0)))
ALT) w ACOSUISILIONZeS{2I00g=S1B)000)/ (2, 08(1 008 ()N
ALA) & BeSULIASURIOSIN(ACR))

seoAND SET FLAG TO IR0 YO BYPASS INITIALEZATEON HEREABTER.

¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢
¢

TRLAG » 0
$ICCURDING PASSES UNTIL BURNOUT: FIRST ODETERMING AUXILIARY ANGLES

20 TAUL » ACOS (AMENIC1ep (SIRICCZORADG R REOPREDICR)/(2,¢3(2IORAD
TAJZ » ACOSIANINLCLo» £SUDICOLORADAO 2= 2DEPRFDESR) /(240 5(3)0RAD
TAJY » ACOS(AMAXLIC=Lop{3(R)PO2-RADCO24,2I0FREDCE2)/(S(RIEPRED)

TAUA o ACOSIAMAXIA=1op(SCDI0OT=RADOOLCIISPRIDON2) I (SIBIFPRED)

e €3ICY X (2]

1)

m

)

1)
S0 & ACOSCANINL(1498(11/PRED))

vesAND BRANCH TF SLIVER FAILS BURNOUT CRITERIA.

TRCTAULOTAUZLToALL) <AND, GRL.OT.0.) GOTD 29
SLIVER JUST BUPNED OUTH SET ELAG TO SYPASS AREA £ VOLUNE CALCULATIONS

3O AT 0

{FLAG = )
$9%0 %0

¢
€ SLIVER NOT BURNED OUTY BIRSY CHECK ERROR CONOLVIONS.es
¢

29 TFCTAUSGLTAALDB] oORe TAUAGLLT.ALR)Y
S CALL ERRMSE(YeQENDS® ERROR

¢
g seolF OX) DEVEANING END AREA) VOLUNE» AND SURFACE AREA

€ 0 JSORADO(SIZIOSINCTAULIORADS (ALY )=TAUL=TAUR) 6S(D)*SINITAUL))
|uA(Q)-.!!0P0F001S(1)‘SlNISl.)OQSOPRFDO(TAUIOIAUQ-!QOSI

=ALL=AL3))
JOU » EeGRL
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o = e s

€ O OO0 S0

SURE & 2, 4F40RLECRADG LAY )=TAUL=TAUZ) ¢+ 9¢PRFOS{ TAUDCTAUA=2,0816
$ =ALRI=ALBD D)

se s AND RETURM,
RETURN
SLIVER I3 SURNED CUT: RETURN 4ITH IERD VOLUNE AND SURRACE AREA,
30 VOL = 0.
SURF = 0o
RETURN

i et e ki i,
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APPENDIX B
LIST OF SYMBOLS
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D e T e

Qo

g (R

T~ S

w2

IFLAG
GV

WEBC
SF
AN

Pl
P13
GL

PD
L}

Wo
WoD

LIST OF SYMBOLS
Array . : Description
N (NO) Number of propellants
Y (YES) Fractions burned
Y Ignition threshold flags
Grain codes |
Twice depth burned
Flag, equals O on initial pass .

Initial grain volumes

Sliver volumes

Y

N

N

Y

Y Slivering flags
Y

Y Overall grain webs
Y

Y

} Work arrays

N 3
N o E
N r/3 4
Y Grain lengths: all codes extopt 5

Y

Grain diameters: all codes except &
Grain widths: code 4

S

Perforation dismeters: codes 1,2,6,7,8,9

$

Y Inner webs: codes 1,2,6,7,8,9
Grain thicknesses: code 4 .

Y Middle webs: code 9
Slot widths: code &

Y
} Outer webs: codes 1,7,8,9
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LIST OF SYMBOLS (cont'd)

Symbol Array Description
L) N Distance between perforetion centers
wW2 N WW W
GRL N Grain length - U
o0 N Grain diameter - U
' PRFD N Perforation diameter + U
) PRFD2 N PRFD + PRFD
B N End-area of grain
ALPHA
} N Various angles
THETA
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USER_EVALUATION OF REPORT

Please take a few minutes to answer the questions below; tear out
tl.'s sheet, fold as indizated, staple or tape closed, and place
in the mall. Your comments will provide us wit: information for
improving future reports.

1. BRL Report Number

2. Does this report satisfy a need? (Comment on purpose, related
projsct, or other area of interest for which report will be used.)

3. How, specifically, is the report being used? (Information
source, design data or procedure, management procedure, source of
ideas, etc.) :

4, Has the information in this report led to any quantitative

‘savings as far as man-hours/contract dollars saved, operating costs

avoided, efficiencies achieved, etc.? If s0, please elaborate.

5. General Comments (Indicate what you think should be changed to
make this report and future reports of this type more responsive
to your needs, more usable, improve readability, etc.)

6. If you would like to be contacted by the personnel who prepared
this report to raise specific questions or discuss the topic,
please fill in the following information,

Name:

Telephone Number:

Organization Address:
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